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Thresholds were measured for five tasks: line detection, intensity discrimination, two-line 
resolution, vernier acuity and line-orientation discrimination. For each task, 30 arcmin lines were 
presented foveally in eight retinal meridians to assess imilarities in orientation anisotropies across 
tasks in the same observer. Three observers were tested. The pattern of the orientation aniso- 
tropy differs across tasks. Meridional anisotropies exist in detection, increment discrimination 
thresholds, and vernier acuity but the classical oblique effect is consistently found only in 
orientation discrimination. © 1998 Elsevier Science Ltd. All rights reserved. 
Orientation discrimination Resolution Detection Vernier acuity Oblique effect 
INTRODUCTION 
Line orientation discrimination (Orban, Vandenbussche 
& Vogels, 1984; Vogels & Orban, 1986), line vernier 
acuity (Corwin, Moskowitz-Cook & Green, 1977), 
contrast sensitivity for gratings (Camisa, Blake & Lema, 
1977; Banks & Stolarz, 1975) and grating resolution 
(Emsley, 1925) show a 2~4-fold superiority in perfor- 
mance when a stimulus is horizontally or vertically 
oriented as opposed to the oblique. This phenomenon is 
often referred to as the oblique effect (Appelle, 1972). 
There are substantial individual differences in the oblique 
effect (Ogilvie & Taylor, 1958). It is, therefore, not clear 
whether the same observer would show an anisotropy 
across tasks. Even the simplest visual thresholds involve 
central as well as retinal processing. Intra-observer 
differences in the oblique effect for a number of basic 
psychophysical measures might provide information 
about possible common neural processing across such 
diverse, yet relatively primitive tasks as orientation 
discrimination, vernier acuity, resolution, luminance 
discrimination and luminance detection thresholds. We 
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measured thresholds for these five tasks in eight retinal 
meridians in each of three observers, taking care that the 
stimulus conditions were as similar as possible. 
METHODS 
For the five tasks, thresholds were obtained by the 
method of constant stimuli. The same eight orientations 
were used for all tasks. Patterns were created under 
computer control (IBM AT clone) and shown on a 
HP1345A vector monitor with P31 phosphor. Observers, 
sitting with their head in a forehead and chin rest, viewed 
the monitor with natural pupils at a distance of 3.75 m. 
All lines were smooth with a width of approx. 20 arcsec 
and length of 30 min. Position of the line endpoints could 
be controlled to one pixel (3 arcsec) precision. Stimuli 
were selected at random from an ensemble of seven, 
equally spaced values for the parameter under investiga- 
tion. For example, for vertical ine orientation discrimi- 
nation thresholds, the test line, which was preceded by a 
strictly vertical comparison line, was presented at random 
in one of seven possible orientations, 88.2, 88.8, 89.4, 90, 
90.6, 91.2 or 91.8 deg. The observer's task was to judge 
whether, with respect to the comparison line, the test line 
appeared tilted clockwise or counterclockwise. In each 
block of trials there were 150 stimulus presentations, 
3 sec apart, and the observer made a binary response after 
each presentation. Probit analysis yielded the mean and 
slope of a psychometric curve, each with a standard error 
(Finney, 1971). A daily session consisted of approx. 8 
runs. For each observer, task, and condition, at least three 
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repetitions were obtained on separate days. The data 
shown in Fig. 2 are based on a total of more than 15 000 
responses for each observer, excluding preliminary and 
training runs. 
Data were obtained on three observers. Two observers 
(SB and BH) were undergraduates naive as to the purpose 
of the research, but each had several weeks of 
preliminary training before the data were accumulated. 
They used only their right eye which, as ascertained by a 
careful optometric examination, was basically creme- 
tropic with less than 0.25 diopter of astigmatism. BLB, 
one of the authors, was highly experienced in psycho- 
physical research and viewed the targets binocularly with 
her spectacle correction. 
The stimulus parameters and conditions for the five 
tasks follow 
Detection of the presence of a line 
A circle of radius 30 arcmin was superimposed on a 
uniform field of approximately 1 cd]m 2. Every 3 sec, the 
circle was extinguished for 300 msec and a line was 
shown. Line orientation was fixed for that trial block and 
known to the observer. The line, when shown once during 
a 10-msec epoch, was very dim and had invariant 
intensity. This single line drawing was used as the scale 
unit, which is rigorously linear and permitted comparison 
across target orientations without further calibration. To 
vary line intensity, the line was shown at random (in near 
equal proportions) either 0, 2, 4, 6, 8, 10 or 12 times 
during each of the 30 10-msec refresh cycles. In the 
operation of the oscilloscope and the summation time of 
the retina, this gives a linear set of delta intensity stimuli 
from 0 to 12 in arbitrary units. (It is to be expected that 
the total emission of the phosphor is directly proportional 
to the number of retraces, and this was verified 
experimentally to be good to ~300 retraces.) The 
observer signaled whether he or she could see the line. 
Threshold was defined as the number of line drawing 
repetitions at which the observer responded "yes" on 50% 
of occasions. An adjustment was made for false positives 
(i.e., "yes" responses to the "empty" or "0" stimulus). We 
used the proportion, po, of "yes" responses to the empty 
stimulus to adjust all the other "yes" response propor- 
tions, Pi, tO yield the positive values Pl where: 
p~ = (Pi - p0)/(1 - P0). (1) 
This, in effect, downwardly scales the psychometric 
curve from the range P0 to 1, to the range 0-1. The false 
positives were accumulated separately for each orienta- 
tion and for each observer and did not differ substantially 
from one orientation to the next or between observers 
(i.e., one or two false alarms for each 60 trial set). Foveal 
viewing with a background of luminance 1 cd/m 2 assured 
photopic vision; hence the 2 or 3 min required to set up 
the experiment sufficed to ensure an adequate adaptation 
state. 
Increment~decrement discrimination of a line 
A circle of radius 30 arcmin was superimposed on the 
uniform background. Every 3 sec the circle was extin- 
guished and a line appeared for 1000 msec. Line intensity 
was 1.9 log units above detection threshold. Stimulus 
intensity levels were created by varying the repetition 
number of unit line drawings during each 10 msec epoch. 
Halfway through the total 1000 msec exposure, the line 
would experience a step change in intensity. There were 
seven steps: no change and three equally spaced increase 
and decrease steps. The observer signaled, if necessary by 
guessing, whether the line appeared to become brighter or 
dimmer at the halfway moment. Error feedback was 
provided. Data were fitted by probit analysis and the A/ 
threshold was identified as the number of line repeats that 
needed to be added or subtracted from the unit line 
intensity for the observer to correctly identify the 
direction of the brightness change on 75% of occasions. 
Threshold is expressed as the percent of the number of 
drawing repeats during the 500-msec omparison period. 
Two-line resolution 
A two-interval forced-choice method of constant 
stimuli was employed. During each 3-sec trial, there 
were two successive 300-msec stimulus presentations 
separated by 300 msec. Light level was the same as in the 
increment discrimination task; 1.9 log units above detec- 
tion threshold. There were two pattern types: (1) a 
rectangular bar, 30 arcmin long, created by drawing six 
parallel lines n seconds of arc apart; and (2) a line- 
doublet, created by drawing a line three times in each of 
two positions 4*n seconds of arc apart. One of these 
pattern types would randomly be shown first and the 
other pattern would be shown second. The observer had 
to signal in which of the two presentations there was a 
line doublet. Error feedback was provided. For each 
paired presentation of the two patterns, the base 
separation, n, was the same and had randomly one of 
seven values ranging from a value where the two patterns 
could never be distinguished to a value where resolution 
was always achieved. Though the spatial light distribu- 
tion within the patterns differed, the total number of times 
the line was drawn and hence the total flux reaching the 
eye was the same for both pattern types. In addition, the 
length and width of the two patterns were about the same 
for a given n, so that the average flux per unit retinal area 
was also approximately the same. This is, therefore, a 
pure resolution task that is similar to finding the cut-off 
spatial frequency for a grating, but has the advantage of 
being localized in a narrow retinal zone, while providing 
the necessary controls to prevent he observer from using 
cues such as pattern width or luminance. The resolution 
threshold was identified as 4-times the mean value ofn in 
the psychometric curves. It is the two-line separation at 
which the observer correctly identifies two lines on 50% 
of occasions. 
Alignment discrimination (vernier acui~) 
A 30-arcmin radius circle was superimposed on the 
uniform background. Every 3 sec, a 300 msec vernier 
target appeared, composed of two abutting lines, each 
15 arcmin in length. Line intensity was the same as in the 
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Fixation circle 
Screen edge 
FIGURE l. Schematic diagram to illustrate the observer's view of the 
display screen and the nine possible orientations u ed in each of the 
five tasks. 
increment discrimination task. The observer had to signal 
the apparent direction of misalignment, which had one of 
seven equally spaced values, three in each direction and 
one in which the two line segments were strictly aligned. 
Error feedback was provided. A psychometric curve was 
fitted to the data and the threshold identified as the 
misalignment, in arcsec, whose direction the observer 
could correctly identify on 75% of occasions. 
Orientation discrimination 
A 30-arcmin radius circle was superimposed on the 
uniform background. Every 3 sec there was a presenta- 
tion consisting of the following: first, a line of 30-arcmin 
length was shown for 300 msec at an orientation which 
remained fixed for the entire block of trials. After a 400- 
msec pause, the line was shown a second time for 
300 msec, this time with an orientation, selected at 
random from an equally spaced ensemble of seven 
orientations, including three counterclockwise and three 
clockwise steps relative to the initial comparison stimulus 
orientation. Line intensity was the same as the compar- 
ison line in the increment discrimination task. The 
observer signaled whether the test line orientation 
appeared to have changed in a clockwise or counter- 
clockwise direction relative to the comparison line, and 
the threshold was identified by the value of that change 
whose direction could be correctly identified on 75% of 
occasions. Error feedback was provided. 
Note that the physical stimulus conditions were as 
similar as can possibly be constructed for the five tasks: 
the discrimination had to be accomplished in 300 msec, 
the retinal area involved was 30 arcmin long and a very 
few arcmin wide, foveal fixation was ensured by a 
fixation circle which was constantly present in the 
interstimulus interval, and the intensity level was the 
same (except in the detection task). All tasks had a 
reference, or a comparison, during a single presentation: 
actual comparison stimuli were shown in the orientation 
discrimination, increment discrimination and resolution 
tasks; the detection task involved the response categories 
"seen" or "not seen"; and in the vernier task the observer 
saw two lines and had to judge the direction of their 
orthogonal offset. Except in the detection task, where 
false positives are an issue, error feedback was provided. 
Again, except for the detection task, the level of retinal 
excitation was basically the same and in a photopic range 
where thresholds remain essentially invariant with 
stimulus intensity. Finally, the use of a vector scope, 
and patterns created by the repetitive drawing of constant 
intensity lines, assured reliable position, orientation and 
intensity scaling without the need for further calibration. 
We measured thresholds for all five tasks in eight 
orientations, i.e., with the stimulus line contained in eight 
retinal meridians (Fig. 1). For each block of trials, the 
observer knew the stimulus orientation. Data were 
accumulated over several weeks, all conditions and 
orientations being interdigitated. Though training is an 
issue in orientation anisotropies, it would take place in all 
tasks during the course of data acquisition. 
RESULTS 
The results are shown graphically in Fig. 2(a-c) in a 
manner that allows comparison both across tasks and 
observers. For each task, the results for our three 
observers are displayed vertically in the figure, the five 
tasks are displayed across the figure sequentially in an 
order which might represent increasing levels of proces- 
sing complexity. 
Figure 2(a) shows the intensity required for the 
detection of the 30 arcmin line, as a function of 
orientation. The line is seen foveally against a dim 
background and represents the photopic threshold. 
Because the data are in arbitrary units of line intensity, 
a relative scaling has been employed, using the 90 deg 
(vertical) threshold for normalizing. Highly individualis- 
tic meridional differences are clearly seen. A trend 
analysis revealed a significant oblique effect in observer 
SB [t(4) = 14.88, P < 0.05]. 
In Fig. 2(b), the intensity discrimination threshold for 
lines about 2 log unit above detection threshold show no 
clear orientation pattern. Comparison with the detection 
thresholds for the same observers does not reveal any 
similarity. Although observer SB has an orientation effect 
here also, the peaks are in different meridians. 
Resolution thresholds [Fig. 2(c)], show no significant 
meridional differences in any of our three observers. 
These experiments were carefully designed to eliminate 
any clues other than that of doubleness. Figure 2(d) 
presents vernier acuity thresholds (arcsec) as a function 
of reference line orientation. All observers show an 
indication of an oblique effect for orientations to the left 
of vertical. For two observers, this effect peaks at 22 deg 
(which is the same angle at which observer SB has 
difficulty with detection), while for a third observer the 
peak is located at 68 deg. 
Finally, in Fig. 2(e) we demonstrate, in all three 
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observers, the prominent oblique effect that has been 
documented so thoroughly in the previous literature. This 
effect is statistically significant [t(2)= 7.62, P < 0.05] 
and the trends are quite similar in the three observers. 
Orientation discrimination is 2-3-times poorer in oblique 
meridians than in the vertical and horizontal. Because 
Ross (1992) has reported a rightward/leftward anisotropy 
in the oblique effect for contrast detection of gratings, we 
looked for a similar effect in our orientation discrimina- 
tion data. Though a statistical comparison shows a 
significant difference [t(2) = 8.29, P < 0.05)] between the 
45 and 135 deg meridians, this is no longer the case when 
all three rightward and all three leftward meridians are 
combined. 
DISCUSSION 
Using a within-subjects design, we measured threshold 
orientation dependencies for five tasks including orienta- 
tion discrimination, vernier discrimination, resolution, 
detection and luminance discrimination. The results 
indicate that the pattern of the orientation anisotropy 
differs across tasks, with the classical oblique effect 
found only for orientation discrimination. 
The oblique effect has been found for the contrast 
detection of grating patterns (Banks & Stolarz, 1975; 
Camisa et al., 1977; Essock & Lehmkuhle, 1982). Here 
we report a new finding concerning luminance detection. 
Our luminance detection thresholds are presented in 
arbitrary units of line intensity using the 90 deg (vertical) 
threshold for normalizing. It is not possible to give an 
adequate number to the detection threshold of single lines 
in terms of contrast, since their retinal intensity is not 
easily defined (Westheimer, 1985). Two of our observers 
showed no significant orientation anisotropy for lumi- 
nance detection. In one observer (SB) there was a 
profound etection decrement in some oblique meridians. 
This observer shows an almost two-to-one difference 
between the 90 deg and the 22 deg orientation. For this 
reason, we collected detection data on this observer on 
three separate occasions, each yielding an extremely 
stable curve with minute standard errors for each point. 
Typically, such findings are associated with ocular 
astigmatism, which, depending on the direction, can 
either nullify or reverse the oblique effect due to other 
causes. However, SB has no optical astigmatism. To 
explore whether there is a central component of this 
detection anisotropy, the experiment was repeated using 
the observer's other eye. The two resultant curves are 
shown superimposed in Fig. 2(b). Although the effect is 
not as large as in the other eye, there was again a 
significant oblique effect. This confirms that, in this 
observer, the apparent meridional dependence of line- 
detection in the fovea may result from mechanisms 
common to both eyes. 
The intensity discrimination of single lines in our 
experiments is in the order of 10-20%, which is 
considerably higher than for edge stimuli, where it is in 
the order of 1%, or for patterns with multiple features, 
such as gratings. Single line intensity discrimination is, 
however, the appropriate analytical tool since it repre- 
sents a sensitivity probe for a defined region of visual 
space. The same applies to our resolution thresholds, 
which have the added advantage over typical visual 
acuity tests of being fully decoupled from possible 
contaminating cues and which were obtained using the 
rigorous two-alternative forced-choice psychophysical 
method. 
We did not observe an orientation anisotropy for our 
resolution acuity task, unlike previous investigations 
(Ogilvie & Taylor, 1958; Shlaer, 1937; Mitchell, Free- 
man & Westheimer, 1967). In these studies, however, 
resolution thresholds of grating patterns were measured, 
rather than the minimum separable distance of two lines 
as was used here. In addition, our paradigm included a 
comparison stimulus. It is possible that, unlike absolute 
judgments, relative judgments do not lead to a superiority 
in the cardinal orientations. 
Our vernier thresholds are within the range reported in 
FIGURE 2. (a) Line intensities needed for the detection of the presence of a 30-arcmin long foveal line, shown for 300 msec, as 
a function of line orientation for our three observers. Threshold is in arbitrary units of line intensity, normalized to the value at 
90 deg orientation. Normalization values: BH, 4.2; SB, 3.7; BLB, 3.5. Zero and 180 deg both represent he horizontal 
orientation. The second curve plotted with square symbols for observer SB shows data using the left instead of the right eye. (b) 
Increment thresholds for three observers for a foveal line 30-arcmin long, 1.9 log units above detection threshold, as a function 
of line orientation. The line was first shown for 500 msec at a fixed intensity, and then suddenly changed (randomly up or down) 
for the remaining 500 msec presentation duration. Thresholds are expressed as the ratio of the change in intensity and the fixed 
comparison intensity for which the observer could correctly identify the direction of change on 75% of occasions. (c) Two-line 
resolution thresholds for foveal lines, 30 arcmin in length, 300 msec exposure duration, and intensity 1.9 log units above 
detection threshold, as a function of orientation, In a two-alternative forced-choice task the observers had to distinguish between 
the two-line pattern and a band stimulus of the same orientation, length, width and total luminous flux. Thresholds are expressed 
as the separation of the two lines, in arcmins, at which this distinction could be made correctly on 50% of occasions. (d) Vernier 
alignment thresholds for a pair of abutting lines, each 15 arcmin in length, as a function of line orientation for three observers. 
Thresholds denote the misalignment, in arcsec, whose direction the observers could correctly identify on 75% of occasions. 
Stimulus duration was 300 msec, line intensity 1.9 log units above detection threshol& The second curve plotted with solid 
symbols for observer BLB shows vernier thresholds when each of the vernier lines was 30 instead of 15 arcmin long. (e) 
Orientation discrimination for a 30-arcmin long foveal line of intensity 1.9 log units above detection threshold, as a function of 
line orientation. First, a comparison line was shown for 300 msec, followed by a 400 msec pause and then by a 300 msec line 
whose orientation could differ by a small amount from the comparison line. Thresholds denote the orientation difference 
between the comparison and the test lines, in degrees of orientation, at which the observer could correctly identify the direction 
of the change in orientation, clockwise or counterclockwise, on 75% of occasions. 
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the literature for a 300-msec exposure duration (Waugh 
& Levi, 1993). There was a slight orientation anisotropy 
for the line vernier acuity task, consistent with the results 
of  Leibowitz (1955) and Corwin et al. (1977). This 
oblique effect, however, was present only for leftward 
oriented stimuli and the effect was small (less than a 
factor of  two). 
Orientation discrimination in the vertical and horizon- 
tal meridians is of  the order of  0.5 deg in all our 
observers, which is standard for experienced (and often 
even inexperienced) subjects. The orientation discrimi- 
nation task showed a substantial orientation anisotropy, 
consistent with previous reports (Orban et al., 1984; 
Regan & Price, 1986; Heeley & Timney, 1989). 
Thresholds for 30 arcmin lines oriented obliquely were 
raised by factors of two to four compared with the 
cardinal orientations. 
The relationship between orientation discrimination 
and vernier acuity, which was first suggested by Andrews 
(1967), is still being debated. Arguments about the 
distinction between position of features and orientation of  
lines (Westheimer, 1996) notwithstanding, there is no 
question that a traditional vernier pattern has lines as its 
prominent components, even though the measurement is 
of  the positional offset of  the two abutting lines. Since 
line length has been shown to be a salient variable in 
producing an oblique effect for line orientation discrimi- 
nation (Orban et al., 1984), it was possible that this mild 
oblique effect for our vernier task could be attributed to 
the vernier feature line lengths (i.e., 15 min arc). This 
idea was not confirmed in a control study in observer 
BLB, who measured vernier thresholds when each line 
was 30 rain instead of 15 min arc long [Fig. 2(d)]. In this 
observer the oblique effect in vernier discrimination was 
reduced when the lines were made longer. It can then be 
conjectured that any oblique effect in vernier acuity has a 
substantial origin in the positional acuity needed for 
detecting misalignment, rather than an elaboration of the 
orientation attribute of  the lines making up the vernier 
pattern. 
Meridional anisotropies can originate at a variety of  
levels in the visual system. Ocular astigmatism is one 
prominent cause, but none of our subjects manifested it. 
Two of our observers, in their early twenties, have been 
emmetropes all their lives. At the first retinal image 
processing stage (the receptor mosaic level), the receptor 
packing geometry can favor some orientations over 
others. However, our target line stimuli were 30 rain in 
length, which is a larger distance than might be expected 
for homogeneity in a hexagonal mosaic (Hirsch & 
Curcio, 1989). Also, such an effect would be most 
prominent for resolution acuity, which, as can be seen in 
Fig. 2(c), has the least meridional anisotropy of all of our 
tasks. The same argument can be applied to possible 
ellipticity of  ganglion receptive fields, which would again 
have to be homogeneous across the entire fovea and 
which also would most strongly affect visual resolution. 
On the whole, these data speak against a retinal origin 
of meridional differences. The primary visual cortex has 
long been known to involve processing along orienta- 
tional lines. Elongated receptive fields are a feature of 
neurons within a synapse or so of  the arrival of visual 
signals in the cortex (Hubel, Wiesel & Stryker, 1977) and 
there are prominent neural interactions in which orienta- 
tion has been preserved (Ts'o, Gilbert & Wiesel, 1986; 
Kapadia, Ito, Gilbert & Westheimer, 1995). 
Experience with the cardinal directions, or lack of 
experience with oblique orientations, has been proposed 
as a possible explanation for the oblique effect. The 
obtained differences we found between perceptual 
sensitivity for stimulus-items in oblique positions and 
the horizontal and vertical positions are probably not due 
to differential effects of past experience outside of  the 
experimental situation (Rochlin, 1955). Otherwise, an 
oblique effect would have been found for all tasks. In 
addition, in testing the observers for the present 
experiment, care was taken to insure that the observer 
experienced lines tilted off the main axes as often as they 
experienced lines on the main axes. Therefore, in-lab 
experience also cannot account for our results. 
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